This paper is an extended version of our short letter on a new proposal for holographic boundary conformal field, i.e., BCFT. By using the Penrose-Brown-Henneaux (PBH) transformation, we successfully obtain the expected boundary Weyl anomaly. The obtained boundary central charges satisfy naturally a c-like theorem holographically. We then develop an approach of holographic renormalization for BCFT, and reproduce the correct boundary Weyl anomaly. This provides a non-trivial check of our proposal. We also investigate the holographic entanglement entropy of BCFT and find that our proposal gives the expected orthogonal condition that the minimal surface must be normal to the spacetime boundaries if they intersect. This is another support for our proposal. We also find that the entanglement entropy depends on the boundary conditions of BCFT and the distance to the boundary; and that the entanglement wedge behaves a phase transition, which is important for the self-consistency of AdS/BCFT. Finally, we show that the proposal of arXiv:1105.5165 is too restrictive that it always make vanishing some of the boundary central charges. *
Introduction
BCFT is a conformal field theory defined on a manifold M with a boundary P with suitable boundary conditions. It has important applications in string theory and condensed matter physics near boundary critical behavior [1] . In the spirit of AdS/CFT [2] , Takayanagi [3] proposes to extend the d dimensional manifold M to a d + 1 dimensional asymptotically AdS space N so that ∂N = M ∪ Q, where Q is a d dimensional manifold which satisfies ∂Q = ∂M = P . We mention that the presence of the boundary Q is very natural from the point of view of the UV/IR relation [4] of AdS/CFT correspondence since the presence of boundary in the field theory introduce an IR cutoff and this can be naturally implemented in the bulk with the presence of a boundary. Conformal invariance on M requires that N is part of AdS space. The key point of holographic BCFT is thus to determine the location of boundary Q in the bulk. For interesting developments of BCFT and related topics please see, for example, [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16] .
The gravitational action for holographic BCFT is given by [3, 5] (taking 16πG N = 1)
where T is a constant and θ = arccos(n M .n Q ) is the supplementary angle between the boundaries M and Q, which makes a well-defined variational principle on the corner P [17] . Notice that T can be regarded as the holographic dual of boundary conditions of BCFT since it affects the boundary entropy (and also the boundary central charges, see (55,56) below) which are closely related to the boundary conditions of BCFT [3, 5] . Considering the variation of the on-shell action, we have
For conformal boundary conditions in CFT, Takayanagi [3] proposes to impose Dirichlet boundary condition on M and P , δg ij | M = δσ ab | P = 0, but Neumann boundary condition on Q. And the position of the boundary Q is determined by the Neumann boundary condition
For more general boundary conditions which break boundary conformal invariance even locally, [3, 5] propose to add matter fields on Q and replace eq.(3) by
where we have included 2T h αβ in the matter stress tensor T Q αβ on Q. For geometrical shape of M with high symmetry such as the case of a disk or half plane, (3) fixes the location of Q and produces many elegant results for BCFT [3, 5, 6] . However since Q is of co-dimension one and its shape is determined by a single embedding function, (3) gives too many constraints and in general there is no solution in a given spacetime such as AdS. On the other hand, of course, one expect to have well-defined BCFT with general boundaries.
To solve this problem, [5] propose to take into account backreactions of Q. For 3d BCFT, they show that one can indeed find perturbative solution to (3) if one take into account backreactions to the bulk spacetime. In other words although not all the shapes of boundary P are allowed by (3) in a given spacetime, by carefully tuning the spacetime (which is a solution to Einstein equations) one can always make (3) consistent for any given shape. However, it is still a little restrictive since one has to change both the ambient spacetime and the position of Q for different boundaries of the BCFT.
As motivated in [3, 5] , the conditions (3) and (4) are natural from the point of view of braneworld scenario, and so is the backreaction. However from a practical point of view, it is not entirely satisfactory since one has a large freedom to choose the matter fields as long as they satisfy various energy conditions. As a result, it seems one can put the boundary Q at almost any position as one likes. Besides, it is unappealing that the holographic dual depends on the details of matters on another boundary Q. Finally, although eq.(4) could have solutions for general shapes by tuning the matters, it is actually too strong since as we will prove in the appendix it always makes vanishing some of the central charges in the boundary Weyl anomaly. In a recent work [18] , we propose a new holographic dual of BCFT with Q determined by a new condition (9) . This condition is consistent and provides a unified treatment to general shapes of P . Besides, as we will show below, it yields the expected boundary contributions to the Weyl anomaly.
Instead of imposing Neumann boundary condition (3), we suggest to impose the mixed boundary conditions on Q [18] :
where Π . Since we could impose at most one condition to fix the location of the co-dimension one surface Q, we require Π α β +αβ = A αβ B α β and trAB = 1 from Π + Π + = Π + . Now the mixed boundary condition (5) becomes
where A αβ are non-zero tensors to be determined. It is natural to require that eq. (7) to be linear in K so that it is a second order differential equation for the embedding. Thus we propose the choice A αβ = h αβ in [18] . In this paper, we will provide more evidences for this proposal. Besides, we find that the other choices such as
all lead problems.
To sum up, we propose to use the traceless condition
to determine the boundary Q. Here T BYαβ = 2K αβ − 2(K − T )h αβ is the Brown-York stress tensor on Q. In general, it could also depend on the intrinsic curvatures which we will treat in sect. 4 . A few remarks on (9) are in order. 1. It is worth noting that the junction condition for a thin shell with spacetime on both sides is also given by (4) [17] . However, here Q is the boundary of spacetime and not a thin shell, so there is no need to consider the junction condition. 2. For the same reason, it is expected that Q has no back-reaction on the geometry just as the boundary M . 3. Eq. (9) implies that Q is a constant mean curvature surface, which is also of great interests in both mathematics and physics [19] just as the minimal surface. 4. (9) reduces to the proposal by [3] for a disk and half-plane.
And it can reproduce all the results in [3, 5, 6] . 5. Eq. (9) is a purely geometric equation and has solutions for arbitrary shapes of boundaries and arbitrary bulk metrics. 6. Very importantly, our proposal gives non-trivial boundary Weyl anomaly, which solves the difficulty met in [3, 5] . In fact as we will show in the appendix the proposal (4) of [3] is too restrictive and always yields c 2 = b 1 = 0 for the central charges in (10, 11) . Since b 1 is expected to satisfy a c-like theorem and describes the degree of freedom on the boundary, thus it is important for b 1 to be non-zero.
Let us recall that in the presence of boundary, Weyl anomaly of CFT generally pick up a boundary contribution T a a P in addition to the usual bulk term
is a delta function with support on the boundary P . Our proposal yields the expected boundary Weyl anomaly for 3d and 4d BCFT [20, 21, 22] :
where c 1 , c 2 , b 1 , b 2 are boundary central charges, a = 2π 2 is the bulk central charge for 4d CFTs dual to Einstein gravity, R is intrinsic curvature,k ab is the traceless part of extrinsic curvature, C ijkl is the Weyl tensor on M and (−E bdy 4 ) is the boundary terms of Euler density E 4 used to preserve the topological invariance
Since Q is not a minimal surface in our case, our results (55,56) are non-trivial generalizations of the Graham-Witten anomaly [23] for the submanifold.
The paper is organized as follows. In sect.2, we study PBH transformations in the presence of submanifold which is not orthogonal to the AdS boundary M and derive the boundary contributions to holographic Weyl anomaly for 3d and 4d BCFT. In sect. 3, we investigate the holographic renormalization for BCFT, and reproduce the correct boundary Weyl anomaly obtained in sect.2, which provides a non-trivial check of our proposal. In sect. 4, we consider the general boundary conditions of BCFT by adding intrinsic curvature terms on the bulk boundary Q. In sect.5, we study the holographic entanglement entropy and boundary effects on entanglement. In sect.6, we discuss the phase transition of entanglement wedge, which is important for the self-consistency of AdS/BCFT. Conclusions and discussions are found in sect. 7. The paper is finished with three appendices. In appendix A, we give an independent derivation of the leading and subleading terms of the embedding function by solving directly our proposed boundary condition for Q. The result agrees with that obtained in sect.2 using the PBH transformations. In appendix B, we show that the proposal of [3] always make vanish the central charges c 2 and b 1 in the boundary Weyl anomaly for 3d and 4d BCFT. In appendix C, we give the details of calculations for the boundary contributions to Weyl anomaly.
Notations: G µν , g ij , h αβ and σ ab are the metrics in N, M, Q and P , respectively. We have
The extrinsic curvature on Q are defined by K = ∇ µ n µ , where n µ is the unit vector normal to Q and pointing outward from N to Q.
Note added: Two weeks after [18] , there appears a paper [51] which claims that our calculations of boundary Weyl anomaly (55,56) are not correct. We find they have ignored important contributions from the bulk action I N for 3d BCFT and the boundary action I Q for 4d BCFT. After communication with us, they realize the problems and reproduce our results (55,56) in a new revision of [51] . For the convenience of the reader, we give the details of our calculations in appendix C. We also emphasis here that, from our analysis, it is natural to keep T as a free parameter rather than to set it zero. Otherwise, the corresponding 2d BCFT becomes trivial since the boundary entropy [3] is zero when T = 0. Besides, we emphasis that, as we previously demonstrated in section 4, by allowing intrinsic curvatures terms on Q, one can always make the holographic boundary Weyl anomaly matches the predictions of BCFT with general boundary conditions. This may or may not match with the result of free BCFT since so far it is not clear whether and how non-renormalization theorems hold. However in the special case it holds, e.g. in the presence of supersymmetry, it just means the parameters of the intrinsic curvature terms are fixed, which is completely natural due to the presence of more symmetry.
Holographic Boundary Weyl Anomaly
According to [24] , the embedding function of the boundary Q is highly constrained by the asymptotic symmetry of AdS, and it can be determined by PBH transformations up to some conformal tensors. By using PBH transformations, we find the leading and subleading terms of the embedding function for Q are universal and can be used to derive the boundary contributions to the Weyl anomaly for 3d and 4d BCFT. It is worth noting that we do not make any assumption about the location of Q in this approach. So the holographic derivations of boundary Weyl anomaly in this section is very strong.
PBH transformation
Let us firstly briefly review PBH transformation in the presence of a submanifold [24] . Consider a (p + 1)-dimensional submanifold Σ embedded into the (d + 1)-dimensional bulk N such that it ends on a p-dimensional submanifold ∂Σ on the d-dimensional boundary M . Denote the bulk coordinates by X µ = (x i , ρ) and the coordinates on Σ by τ α = (y a , τ ) with i = 1, ..., d and a = 1, ..., p. The embedding function is given by X µ = X µ (τ α ).
We consider the bulk metric in the FG gauge
Here ρ = 0 denote the boundary of the metric. It is known that if one assume the metric g ij admits a series expansion in powers of ρ, g ij = (0)
g ij can be fixed by the PBH transformation [26] 
PBH transformations are a special subgroup of diffeomorphism which preserve the FG gauge:
1 Note that in our notation, the sign of curvatures differs from the one of [24, 26] by a minus sign.
Here σ(x) is the parameter of Weyl rescalings of the boundary metric, i.e., δ σ g (0) ij = 2σg Next let us include the submanifold. The metric on Σ is given by
To fix the reparametrization invariance on Σ, we chose similarly the gauge fixing condition
Now under a bulk PBH transformation (15, 16) , one needs to make a compensating diffeomorphism on Σ [24] such that δρ = δτ and δh aτ = ∂ aξ τ h τ τ + ∂ τξ b h ab = 0 in order to stay in the gauge (19) . This givesξ
As a result, X i changes under PBH transformation as
whereξ α is given by (20) and a i is given by eq. (16) . As in the case of the metric, if one expand the embedding function in powers of τ ,
the first leading nontrivial term can be fixed by its transformation properties [24] . In fact, since
one can solve the second equation of (23) by
where k i is the trace of the extrinsic curvature of ∂Σ
h ab is the inverse of
h ab which appears in the expansion: h ab . Now let us focus on our problem with p = d − 1, Σ = Q and ∂Σ = P . Inspired by [3] , we relax the assumption of [24] and expand X i in powers of √ τ in the presence of a boundary:
X i (y a ) + τ one can easily check that eqs. (29, 30) indeed obey the transformations (32, 33) . One may also solve (33) directly and obtain for the normal components of (2) X i as:
jk n i n j n k and c 1 is a parameter to be determined. Note that a term proportional to
X | 2 from (30) drops out automatically in (37) since |
X (y a )| is functions of only the transverse coordinates y a , such term vanishes due to the normal derivatives.
As we have mentioned,
X i is no longer a vector in the normal sense due to the gauge fixing (19) . Instead,
X i admit some kinds of deformed covariance under the remaining diffeomorphism after fixing the FG gauge (13) in N and world-volume gauge (19) on Q. It is clear that the remaining diffeomorphism are the ones on M and P . The key point is that, for every diffeomorphism on M , there exists compensating reparametrization on Q in order to stay in the gauge (19) . As a result, (2) X i is covariant in a certain sense under the combined diffeomorphisms on M and Q. As we will illustrate below, the deformed gauge symmetry is useful and it fixes the value of the parameter λ 1 to be zero.
Without loss of generality, we consider the Gauss normal coordinates
where P is located at x = 0, and Q is determined by
To satisfy the gauge (19), we should choose the coordinates on Q carefully. For example, the natural one τ α = (y a , τ ) does not work. Instead, we should choose τ α = (y a , τ ) with the embedding functions given by
Notice that n i = (1, 0, · · · , 0) and Γ n nn = 0 for the Gauss normal coordinates (38) . Recall also that k = −n i k i , we obtain from eq.(37)
Now let us use the remaining diffeomorphism to fix the parameter c 1 . Consider a remaining diffeomorphism
which keeps the position of P and the gauge eqs. (13, 19) . From eqs. (41, 43, 44) , we have
Since the new coordinate x satisfies the gauge (13, 19) , it must take the form (37) because of PBH transformations. Substituting n i = (1, 0, .., 0) and Γ n n n = 2c into eq.(37), we get
for the new coordinate x . Comparing eq. (46) with the coefficients of τ in eq. (45), we find that they match if and only if c 1 = 0. Hence our claim.
As a summary, by using the PBH transformations and the covariance under remaining diffeomorphism, we find the leading and subleading terms of embedding functions are universal and take the following form (1) 
In the Gauss normal coordinates (38) , the embedding function has very elegant expression
These are the main results of this section. One may still doubt eq.(48) due to the non-covariance. Actually, we can derive it from the covariant equation (9) together with the gauge (19) . So it must be covariant under the remaining diffeomorphism. This is a non-trivial check of our results. Please see the appendix for the details. Besides, we have checked other choices of boundary conditions such as eq. (7) with A αβ = h αβ + λ 2 K αβ + λ 3 R αβ . They all yield the same results eqs. (47, 48, 49) . This is a strong support for the universality.
Boundary Weyl anomaly
In this section, we apply the method of [25] to derive the Weyl anomaly (including the boundary contributions to Weyl anomaly [5] ) as the logarithmic divergent term of the gravitational action. For our purpose, we focus only on the boundary Weyl anomaly on P below.
Let us quickly recall our main setup. Consider the asymptotically AdS metric
where
ij is the metric of BCFT on M and g
ij , fixed uniquely by the PBH transformation, is given by (14) . Without loss of generality, we choose Gauss normal coordinates for the metric on M
where the boundary P is located at x = 0 . The bulk boundary Q is given by x = X(z, y). Expanding it in z, we have
where a i and b d+1 are functions of y a . By using the PBH transformation, we know that a 2 is universal and can be expressed in terms of a 1 and the extrinsic curvature k through eq.(49). a 1 can be determined by the boundary condition on Q. Noting that
, we get the leading term of eq. (7) as
where · · · denotes higher order terms in z. It is remarkable that we can solve a 1 from eq. (53) without any assumption of A ij except its trace is nonzero. In other words, we can solve a 1 from the universal part of the boundary conditions. From eqs.(49,53), we finally obtain
where we have re-parameterized the constant T in terms of ρ * , which can be regarded as the holographic dual of boundary conditions for BCFT. That is because, as will be clear soon, ρ * affects the boundary central charges as the boundary conditions do. It should be mentioned that one can also obtain a 1 , a 2 by directly solving the boundary condition eq. (9) or eq. (7) with
Now we are ready to derive the boundary Weyl anomaly. For simplicity, we focus on the case of 3d BCFT and 4d BCFT. Substituting eqs. (50) (51) (52) (53) (54) into the action (1) and selecting the logarithmic divergent terms after the integral along x and z, we can obtain the boundary Weyl anomaly. We note that I M and I P do not contribute to the logarithmic divergent term in the action since they have at most singularities in powers of z −1 but there is no integration alone z, thus there is no way for them to produce log z terms. We also note that only a 2 appears in the final results. The terms including a 3 and a 4 automatically cancel each other out. This is also the case for the holographic Weyl anomaly and universal terms of entanglement entropy for 4d and 6d CFTs [27, 28] . After some calculations, we obtain the boundary Weyl anomaly for 3d and 4d BCFT as
which takes the expected conformal invariant form [20, 21, 22] . It is remarkable that the coefficient of E bdy 4
takes the correct value to preserve the topological invariance of E 4 . This is a non-trivial check of our results. Besides, the boundary charges c 1 , b 1 in (10, 11) are expected to satisfy a c-like theorem [5, 7, 29] . As was shown in [3, 6] , null energy condition on Q implies ρ decreases along RG flow. It is also true for us. As a result, eqs.(55, 56) indeed obey the c-theorem for boundary charges. This is also a support for our results. Most importantly, our confidence is based on the above universal derivations, i.e., we do not make any assumption except the universal part of the boundary conditions on Q. Last but not least, we notice that our results (55,56) are non-trivial generalizations of the Graham-Witten anomaly [23] for the submanifold, i.e., we find there exists conformal invariant boundary Weyl anomaly for non-minimal surfaces.
We remark that based on the results of free CFTs [21] and the variational principle, it has been suggested that the coefficient of Ck in (56) is universal for all 4d BCFTs [22] . Here we provide evidence, based on holography, against this suggestion: our results agree with the suggestion of [22] for the trivial case ρ = 0, while disagree generally. As argued in [29] , the proposal of [22] is suspicious.
It means that there could be no independent boundary central charge related to the Weyl invariant √ σC ac bck b a . However, in general, every Weyl invariant should correspond to an independent central charge, such as the case for 2d, 4d and 6d CFTs. Besides, we notice that the law obeyed by free CFTs usually does not apply to strongly coupled CFTs. See [30, 31, 32, 33] for examples.
To summarize, by using the universal term in the embedding functions eq. (49) and the universal part of the boundary condition eq. (7), we succeed to derive the boundary contributions to Weyl anomaly for 3d and 4d BCFTs. Since we do not need to assume the exact position of Q, the holographic derivations of boundary Weyl anomaly here is very strong. On the other hand, since the terms including a 3 and a 4 automatically cancel each other out in the above calculations, so far we cannot distinguish our proposal (9) from the other possibilities such as eq. (7) with A αβ = h αβ + λ 2 K αβ + λ 3 R αβ . We will solve this problem in the next section.
Holographic Renormalization of BCFT
In this section, we develop the holographic renormalization for BCFT. We find that one should add new kinds of counterterms on boundary P in order to get finite action. Using this scheme, we reproduce the correct boundary Weyl anomaly eqs.(55,56), which provides a strong support for our proposal eq.(9).
3d BCFT
Let us use the regularized stress tensor [34] to study the boundary Weyl anomaly. This method requires the knowledge of (a 3 , a 4 , · · · ) and thus can help us to distinguish the proposal (9) from the other choices. we will focus on the case of 3d BCFT in this subsection. The first step is to find a finite action by adding suitable covariant counterterms [34] . We obtain
where I M includes the usual counterterms in holographic renormalization [34, 35] , θ 0 = θ(z = 0) is a constant [5] , K M is the Gibbons-Hawking-York term for R M on M . Notice that there is no freedom to add other counterterms, except some finite terms which are irrelevant to Weyl anomaly. For example, we may add √ σR P and √ σK 2 M to I P . However, these terms are invariant under constant Weyl transformations. Thus they do not contribute to the boundary Weyl Anomaly. In conclusion, the regularized action (57) is unique up to some irrelevant finite counterterms.
From the renormalized action, it is straightly to derive the Brown-York stress tensor on P
In sprint of [5, 34, 35] , the boundary Weyl anomaly is given by
where θ = arccos 
which agrees with eq.(59) exactly.
Substituting eqs.(50-54) into eq. (59), we obtain
Comparing eq.(61) with eq.(55), we find that they match if and only if
which is exactly the solution to our proposed boundary condition (9) . One can check that eq. (7) with the other choices A αβ = h αβ + λ 2 K αβ + λ 3 R αβ gives different a 3 and thus can be ruled out.
Following the same approach, we can also derive boundary Weyl anomaly for 4d BCFT, which agrees with eq.(56) if and only if a 3 and a 4 are given by the solutions to condition (9) . This is a very strong support to the boundary condition (9) we proposed.
To end this section, let us talk more about the stress tensors on P . In general, since the Brown-York stress tensor on Q is non-vanishing, we have
From the viewpoint of BCFT, the variations of effective action should takes the form
where J and O are the currents and operators on P , respectively. After the integration along z on Q, we can identify I ren with I eff . Since σ 0ab = lim z→0 h ab z 2 , integration of h ab on Q can also contribute to the stress tensor on P . So T , since I eff is finite. The integration of the other components of h αβ on Q give the new operator O on P . It is worth noting that since h αβ is related to g ij on-shell, the new operator O coming from h αβ is also related to geometric quantity derived from g (0) ij . According to [40] , such geometric quantity appears naturally as the new operator on the boundary of BCFT.
4d BCFT
Now we study the holographic renormalization for 4d BCFT, which is more subtle. We find that one has to add squared extrinsic curvature terms on the corner P in order to make the action finite.
We propose the following renormalized action
Similar to the case of 3d BCFT, I M includes the usual counterterms in holographic renormalization [34, 35] , θ 0 = θ(z = 0) is a constant [5] and K M is the Gibbons-Hawking-York term for R M on M . It is worth noting that the induced metric on Q is AdS-like, i.e., it can be rewritten into the form of eq. (50) except that now g ij are in powers of z instead of z 2 . In spirit of the holographic renormalization for asymptotically AdS, one can add a constant term γ and an intrinsic curvature term R P into I P . However, they are not enough to make the action finite. Instead, we have to add the extrinsic curvature terms TrK 2 Q on P . This maybe due to the presence of the singular corner P and the non-AdS metric on Q. Note that
2 . It should be mentioned thatK Q ab can be regarded as new boundary operator from the viewpoints of BCFT, since it is defined by the embedding from P to Q rather than to the spacetime where BCFT lives. On the other hand, K M ab is not an independent operator, since it is defined by the derivatives of the metric for BCFT. As a result, if we add
terms on P , we get ill-defined stress tensors with ∂ x δ(x)T xa , where x = 0 denotes the location of P . This means there is energy flowing outside P , which is not a well-defined BCFT. For these reasons, we propose eq.(65) as the renormalized action.
Substituting eqs. (50) (51) (52) (53) (54) into the action (65), we can solve α, β and γ that make a finite action. It is remarkable that a 3 and a 4 disappear in the divergent terms of the action (65) once we impose the universal relations (54) . Thus the solutions to α, β and γ are irrelevant to a 3 and a 4 . After some calculations, we get
A quick way to derive eq.(66) is to consider AdS 5 in the bulk and choose spherical coordinates and cylindrical coordinates on M for α and β, respectively. Note that the new counterterms αR p ∼ βTrK 2 Q ∼ O(ρ * ) vanish for the trivial boundary condition ρ * = 0. Now we are ready to calculate the boundary contributions to Weyl anomaly. Similar to the 3d case, from the constant Weyl transformations σ ab → e 2 σ ab ,
2 Q , we can read off the boundary Weyl anomaly as
To make eq.(67) finite, we solve
which is exactly the solution to our proposed boundary condition (9) . Substituting the above a 3 into eq.(67), we get
Comparing eq.(70) with eq.(56), we find that they match if and only if
+4 cosh(2ρ * ) 6kR − 4k 3 + 6kq − 9 3l + 6Trk 3 + Tr(kR) − 5Tr(kq)
which is again the solution to the boundary condition (9) we proposed. The other choices of boundary conditions give different a 3 and a 4 and thus can be excluded. In the above calculations, we have used the following formulas
in Gauss normal coordinates (51) . Since the calculations are quite complicated, the non-patient readers can study some simple examples instead. For example, AdS in spherical coordinates and cylindrical coordinates are good enough to reproduce most of the results above.
To sum up, we have developed a scheme of holographic renormalization for BCFT. We find that it reproduces the correct boundary Weyl anomaly eqs.(55,56) only when Q is determined by eq. (9). This is a non-trivial check of our proposal for holographic BCFT.
General Boundary Condition
In this section, we consider more general boundary conditions for BCFT. As we have mentioned before, the constant T in the gravitational action eq.(1) can be regarded as the holographic dual of boundary conditions for BCFT, since it is closely related to boundary central charges. Naturally, we propose to add intrinsic curvature terms on Q to mimic general boundary conditions. For simplicity, we focus on the case of Ricci scalar. Now the gravitational action for holographic BCFT becomes
where λ is a constant. Similarly, we suggest to impose the mixed boundary conditions on Q with the non-trivial one given by
Below we will apply the methods of sect. 3 and sect. 4 to investigate the boundary contributions to Weyl anomaly. As it is expected, we find the boundary central charges depend on the new parameter λ. And again, these two methods give the same results only if the bulk boundary Q is determined by the traceless-stress-tensor condition eq.(75).
General boundary Weyl anomaly I
Now let us use the method of sect.2 to derive the boundary Weyl anomaly. For simplicity, we focus on AdS 4 with spherical coordinates and cylindrical coordinates below. The generalization to higher dimensions and other metrics is straightforward.
P is at r = r 0 and Q is given by r = r(z) with
where k is 75), we can re-express T in terms of ρ * and λ. In general, we get
Substituting eqs.(76-79) into the action (74) and selecting the logarithmic divergent term after the integral along r and z, we can obtain the boundary Weyl anomaly. Similarly, one can check that I M and I P in the action (74) and a 3 , a 4 in the embedding function (78) are irrelevant in the above derivations. Rewriting the final results into covariant form, we obtain
Interestingly, now the central charges with respect to R and Trk 2 become independent, which implies that there are two independent boundary central charges for 3d BCFT generally. This is the expected result, since every independent Weyl invariant should correspond to an independent central charge. The above discussions can be easily generalized to higher dimensions and general metrics. For 4d BCFT, we obtain
Now the central charges related to Trk 3 and C ac bck b a are still not independent. One can check that, by adding more general curvatures in I Q , the boundary central charges can indeed become independent. For example, let us consider the action
Following the above approach, we derive
We remark that in obtaining the results (81) and (83), it is necessary to consider non-AdS solutions in order to derive the central charge related to C ac bck b a since C abcd = 0 for AdS.
General boundary Weyl anomaly II
In this section, we take the method of sect.3 to study the boundary Weyl anomaly for general boundary conditions. Due to the Ricci scalar in I Q (74), we should add new a Gibbons-Hawking-York term K Q in I P . Recall that the induced metric on Q is AdS-like, i.e., it can be rewritten into the form of eq. (50) except that now g ij are in powers of z instead of z 2 . In spirit of the holographic renormalization for asymptotically AdS, one can add a constant term and intrinsic curvature terms on P . Besides, from the experience of sect.3, one has to add extrinsic curvature terms in order to make the action finite generally. This is may because of the presence of the corner P and the non-AdS metric on Q. Based on the above discussions, we propose the following renormalized action for 3d and 4d BCFT
where α, β, γ are parameters and will be determined below. For 3d BCFT, we have γ = 2λsechρ * , and α, γ are free parameters since they are related to finite counterterms. Below, we focus on 4d BCFT.
For simplicity, we focus on AdS with spherical coordinates and cylindrical coordinates.
Again, we put P at r = r 0 and label Q by r = r(z) with
where k take values ( 
For the first kind of cylindrical metric eq.(86), we obtain
a 4 = cosh ρ * (−84λ sinh ρ * + 44λ sinh(3ρ * ) + cosh ρ * − 11 cosh(3ρ * )) 108r 3 0 (1 − 4λ tanh ρ * )
As for the second second of cylindrical metric eq.(87), we have
Substituting eqs.(85-88) into the action (84) and requiring the action finite, we derive 
Holographic Entanglement Entropy

General formula
Let us go on to discuss the holographic entanglement entropy. Following [36, 37] , it is not difficult to derive the holographic entanglement entropy for a d-dimensional BCFT, which is also given by the area of minimal surface
where A is a (d − 1)-dimensional subsystem on M , and γ A denotes the minimal surface which ends on ∂A. What is new for BCFT is that the minimal surface could also end on the bulk boundary Q, when the subsystem A is close to the boundary P . See Fig.1 for example.
We could keep the endpoints of extreme surfaces γ A freely on Q, and select the one with minimal area as γ A . It follows that γ A is orthogonal to the boundary Q when they intersect
Here n Q is the normal vector of Q and n a γ A are the two independent normal vectors of γ A . It is easy to see that if γ A is not normal to Q, one can always deform γ A to decrease the area until it is normal Let us take an example in Fig.1 to illustrate this. For simplicity, we focus on static spacetime and constant time slice. Then the normal vector of γ A alone time is orthogonal to n Q trivially. It is worth keeping in mind that the induced metric on constant time slice is Euclidean and positive definite. Below we focus on the case d = 2. It is straightforward to generalize our discussions to higher dimensions. Consider an extreme surfaces OA in Fig.1 , where O is a fixed point in the bulk, and OA is not normal to the boundary Q. Then select an arbitrary point B alone OA as long as it is near enough to the boundary. Starting from B, we can construct a minimal surface BA that is normal to the boundary and ending on the boundary at A . Since the metric is positive definite and B is near enough to the boundary, we have BA > BA and thus OBA > OBA . Next we construct a minimal surface OA linking A and O. By definition, it is smaller than OBA . As a result, we have OBA > OBA > OA . If OA is not orthogonal to Q either, we can repeat the above approach again and again until the extreme surface is normal to Q. Now it is clear that the minimal area condition leads to the orthogonal condition (97).
Another way to obtain the orthogonal condition is that, otherwise there will arise problems in the holographic derivations of entanglement entropy by using the replica trick. In the replica method, one considers the n-fold cover M n of M and then extends it to the bulk as N n . It is important that N n is a smooth bulk solution. As a result, Einstein equation should be smooth on surface γ A . Now the metric near γ A is given by [37] 
where ε ≡ 1 − 1 n , r is coordinate normal to the surface, τ ∼ τ + 2πn is the Euclidean time, y i are coordinates along the surface, x a = (r cos τ, r sin τ ) and K aij are the two extrinsic curvature tensors. Going to complex coordinates z = re iτ , the zz component of Einstein equations
is divergent unless the trace of extrinsic curvatures vanish K a = 0. This gives the condition for a minimal surface [37] . Labeling the boundary Q by f (z,z, y) = 0, we obtain the extrinsic curvature of
So the boundary condition (9) is smooth only if ∂ z f | γ A ∩Q = ∂zf | γ A ∩Q = 0, which is exactly the orthogonal condition (97). It should be mentioned that the smooth requirement of the general boundary conditions (7) may yield more constraints in addition to the orthogonal condition (97). When A αβ includes higher curvature terms, sometimes the smooth requirement even leads to contradictions. This can also help us to exclude a large class of A αβ in the boundary condition (7). Since our boundary condition (9) yields the expected orthogonal condition (97), this is also a support to our proposal.
In summary, the holographic entanglement entropy for BCFT is given by RT formula (96) together with the orthogonal condition (97). As we will show below, there appear many new interesting properties for entanglement due to the presence of boundaries.
Boundary effects on entanglement
Let us take an simple example to illustrate the boundary effects on entanglement entropy. Consider Poincare metric of AdS 3
where P is at x = 0. Solving eq.(9) for Q, we get x = sinh(ρ)z and T = tanh ρ ≥ 0. We choose A as an interval with two endpoints at x = d and x = d + 2l. Due to the presence of boundary, now there are two kinds of minimal surfaces, one ends on Q and the other one does not. It depends on the distance d that which one has smaller area. From eqs.(96,97), we obtain
where d c = l √ e −2ρ + 1−l is the critical distance. The parameter ρ can be regarded as the holographic dual of the boundary condition of BCFT, since it affects the boundary entropy [3] and the boundary central charges (55,56) as the boundary condition does. It is remarkable that entanglement entropy (101) depends on the distance d and boundary condition ρ when it is close enough to the boundary. This is the expected property from the viewpoint of BCFT, where the correlation functions depend on the distance to the boundary [40] .
To extract the effects of boundary, let us define a new physical quantity when A ∩ P = 0
where S
CF T A
is the entanglement entropy when the boundary disappears or is at infinity. For simplicity, we focus on the case ρ * ≥ 0. In the holographic language, S CF T A is given by the area of minimal surface that does not end on Q. Thus, S CF T A is equal to or bigger than S
BCF T A
and I A is always nonnegative. It is expected that boundary does not affect the divergent parts of entanglement entropy when A ∩ P = 0, so all the divergence cancel in eq.(102). As a result, I A is not only non-negative but 
which is indeed both non-negative and finite. Actually in this simple example, I A is just one half of the mutual information between A and its mirror image, so it must be non-negative and finite. See Fig.1 . for example. For this simple case, the metric at the mirror image O of a point O is given by the metric at the point O. One should keep in mind that the mirror image is only an auxiliary tool, there is no real spacetime outside the boundary Q.
Entanglement entropy for stripe
In this subsection, we study the entanglement entropy of stripe in general dimensions. Consider a BCFT defined on M the half space x ≡ x 1 < 0, and consider a subsystem A given by the constant time slice
The bulk boundary Q is given by the co-dimension-1 surface x = z tan θ. Here the parameter θ = arctan(sinh(ρ * )), where ρ * is the parameters that we used in previous section. θ + π 2 is the angle between Q and M . See Fig. 3 .
Let the minimal surface γ be specified by the equation x = x(z) with the boundary condition
The induced metric on the minimal surface γ is
and gives the equation of motion for the minimal surface. There are two kinds minimal surface. If C = 0, the solution is x = −l. The other situation is C = 0, in this case, assume when z = z * , x (z * ) = ∞. Let (x 0 , z 0 ) be the coordinates of the point P where Q and γ intersect. It is x 0 ≡ x(z 0 ) = z 0 tan θ. Denote the unit normal vectors of Q by n Q µ , the unit normal vector of γ by n γ µ . At point P we have n Q · n γ = 0. This gives the boundary condition
Now we solve (106) together with the boundary conditions (104), (107). Using the condition (107) we have
and
We also have the relation
This allow us to solve for z * ,
where In the limit θ → θ c , z * → +∞, the solution will tend to the case C = 0, i.e. the solution x = −l. For θ > θ c there is only one solution of minimal surface x = −l. For θ < θ c we have two minimal surface solutions, the desired solution is the one with a smaller area. Consider first the surface x = −l. It is easy to obtain its area
where A 0 is the area of the entangling surface. The area of the other surface is
Here is the cutoff and 2 F 1 (a, b; c; z) is the hypergeometric functions. In the limit θ → θ c , z * → +∞, as a result, A 2 → A 1 . One could also show A 2 is a monotone decreasing function of θ when θ < θ c . Therefore in the region θ < θ c , A 2 < A 1 , the entanglement entropy is given by A2 4G .
We remark that our holographic calculation suggests that there is a phase transition at the critical value θ = θ c . In our example we see that θ c is independent of the size of the stripe l. But it is probably related to the shape of the entangling surface in general. As the parameter θ is expected to be dual to the boundary condition of BCFT, it is interesting to explore what is the nature of the boundary condition in the field theory that would lead to this phase transition in the BCFT.
Entanglement Wedge
According to [38, 39] , a sub-region A on the AdS boundary is dual to an entanglement wedge E A in the bulk where all the bulk operators within E A can be reconstructed by using only the operators The entanglement wedge is defined as the bulk domain of dependence of any achronal bulk surface between the minimal surface γ A and the subsystem A. Apparently, it seems to conflict with the holographic proposal of BCFT by [3] and us, where the holographic dual of A is given by N , which is larger than E A generally. Of course, there is no contradiction. That is because CFT and BCFT are completely different theories. For CFT, although we do not know the information outside, there still exists spacetime outside A. As for BCFT, there is no spacetime outside A at all. Besides, we should impose suitable boundary conditions for BCFT, while there is no need to set boundary condition on the entangling surface for CFT.
It is interesting to study the entanglement wedge in the framework of AdS/BCFT. For simplicity, we focus on the static spacetime and constant time slice. Recall that the entanglement wedge is given by the region between the minimal surface γ A and the subsystem A on M . A key observation is that entanglement wedge behaves a phase transition and becomes much larger than that within AdS/CFT, when A is increasing and approaching to the boundary. See Fig.3 for example. This phase transition is important for the self-consistency of holographic BCFT. If there is no phase transition, then the entanglement wedge is always given by the first kind (left hand side of Fig.3 ). When A fills with the whole boundary M and P , there are still large space left outside the entanglement wedge, which means there are operators in the bulk cannot be reconstructed by all the operators on the boundary. Thanks to the phase transition, the entanglement wedge for large A is given by the second kind ( right hand side of Fig.3) . As a result all the bulk operators can be reconstructed by using the operators on the boundary.
Conclusions and Discussions
In this letter, we have proposed a new holographic dual of BCFT, which can accommodate all possible shapes of the boundary P with a unified prescription. The key idea is to impose the mixed boundary condition (9) so that there is only one constraint for the co-dimension one boundary Q. In general there could be more than one self-consistent boundary conditions for a theory [41] , so the proposals of [3] and ours have no contradiction in principle. However, the proposal of [3] is too restrictive to include the general BCFT. The main advantage of our proposal is that we can deal with all shapes of the boundary P easily and that it can accommodate nontrivial boundary Weyl anomaly as is needed in a general BCFT. It is appealing that the bulk boundary Q is given by a constant mean curvature surface, which is a natural generalization of the minimal surface.
Applying the new AdS/BCFT, we obtain the expected boundary Weyl anomaly for 3d and 4d BCFT and the obtained boundary central charges satisfy naturally a c-like theorem holographically. As a by-product, we give a holographic disproof of the proposal [22] and clarify that the validity of the S RE = S EE conjecture [42] which is based on [22] and is sensitively dependent on the choices of boundary conditions of non-free BCFT. Besides, we find the holographic entanglement entropy is given by the RT formula together with the condition that the minimal surface must be orthogonal to Q if they intersect. The presence of boundaries lead to many interesting effects, e.g. phase transition of the entanglement wedge. Of course, many things are left to be explored, for instance, the holographic Rényi entropy [43, 44] , the edge modes [45, 46] , the shape dependence of entanglement [47, 48] , the applications to condensed matter and the relation between BCFT and quantum information [49] . Finally, it is straightforward to generalize our work to Lovelock gravity, higher dimensions and general boundary conditions.
A Another Derivation of (48) In sect. 2.1, we have obtained the key result (48) from the PBH transformation together with the explicit requirement of covariance under the residual diffeomorphism of the gauge fixing condition (19) . In this appendix, we derive eq.(48) directly from the covariant equation (9) and the gauge fixing (19) . The analysis is manifestly covariant with respect to (19) and provides an independent derivation of the (48) .
To compute K, we note that the extrinsic curvature K αβ on Q is
where 
X i ) 2
(1)
Since n Q µ ∂X µ ∂τ = 0, we have
The trace K is
Generally n ρ and n i can be expanded as
Taking them to (121) we have
Using the relation
where ds 2 Q = h αβ dτ α dτ β =h µν dX µ dX ν is the induced metric on Q, we obtain that alsoh ρi = 0. Hence
and as a result
n Q i
The gauge h aτ = 0 lead to the result ∂ a 
where n i is the unit normal vector of P . Taking (123)(128) (130) into (122) we have
Now on the surface Q, K = p+1 p T , we obtain n i
Recall that from the gauge h τ a = 0, we can solve the transverse components of X i as eqs. (29, 30) . Combining eqs.(132,133) and eqs. (29, 30) together, we recover exactly eqs. (47, 48) .
B Boundary Weyl Anomaly for the Proposal of [3] In this appendix, we show that the BC (4) proposed by [3] always make vanish the central charges c 2 and b 1 in the boundary Weyl anomaly (10,11) for 3d and 4d BCFT. Since b 1 is expected to satisfy a c-like theorem and describes the degree of freedom on the boundary, thus it is important for b 1 to be non-zero. We emphasis that this holds for any energy-momentum tensor T Q αβ on Q as long as the BC (4) holds. In this sense, the proposal of [3] is too restrictive to include the general BCFT, in particular, the non-trivial 4d BCFT.
Let us first start with a simple example to see explicitly how c 2 and b 1 vanish in the proposal of [3] . Consider AdS with cylindrical coordinates on M eqs.(77,87) so that only the Trk d−1 terms are non-vanishing in the Weyl anomaly (10, 11) . We note that in the present case, the equation (4) does not admit a solution with a constant T term and one needs to include on Q either nontrivial matter fields or higher derivatives gravitational action terms. For simplicity, let us consider the addition of an intrinsic Ricci scalar R Q on Q. In other words, we focus on the action (74). Requiring all the components of stress tensors on Q vanishing, we get the following exact solutions
Substituting eqs.(77,87,134) into the action (74) and selecting the logarithmic divergent term after integration alone r and z, we find
for both 3d and 4d BCFT. This means that c 2 = b 1 = 0. This example can be easily generalized to include general higher curvature terms, i.e., we replace R Q by L(R Qαβλγ ) in action (74). Using the trick of [27] , we expand L(R Qαβλγ ) around a 'background-curvature'R Qαβλγ = − 1 cosh 2 ρ * (h αλ h βγ − h αγ h βλ ). Then we find only the first a few terms up to (
contribute to the boundary Weyl anomaly for d-dimensional BCFT. We have worked out the cases for 3d and 4d BCFT on cylinders and find they all yield eq.(135). So the boundary Weyl anomaly c 2 , b 1 indeed vanish for 3d and 4d BCFT in the proposal of [3] . We have also constructed a model with only matter on Q (non-minimally coupled scalar field with suitable potential energy), which also yield c 2 = b 1 = 0. Now let us present the general proof. Consider the following action
where L m (φ) is the Lagrangian of matter fields φ on Q. According to [25] , we can derive the Weyl anomaly as the logarithmic divergent term of the gravitational action. Recall that I M and I P do not contribute the logarithmic divergent term 4 . Considering the variation of the on-shell action, we have
where E φ denotes E.O.M for matter fields φ on Q, P φ is the conjugate momentum of φ along the direction n P , which is the normal vector pointing from Q to P . If one impose the BC (4), one obtain for arbitrary boundary variations δg ij , δσ ab and δφ:
where we have used the EOM E φ = 0. It is worth noting that the integral on Q vanishes due to the BC (4). This is the main reason why the proposal of [3] yields trivial boundary central charges c 2 and b 1 in eqs. (10, 11) . In fact as we will show below, the integration on M and P in eq.(138) are not sufficient to produce the full structures of the boundary Weyl anomaly.
To proceed, we note that the logarithmic divergent term of δI is equal to the variation of the Weyl anomaly A
Since there is no integration alone z on M and P , the only way to produce ln z in δI is that the integral element includes ln z. There are two possible sources for ln z: one is the expansion of g ij and the other one is the expansion of the embedding function (52)
Note that there is no ln z term in g ij when d is odd. As a result, there is no bulk Weyl anomaly
It is also worth keeping in mind that h
and b d+1 are of the same order O(k d ) where k is the trace of the extrinsic curvature of P . In general, E.O.M for matter fields E φ = 0 will also give ln z terms in φ . However, such terms are expected to yield new contributions to Weyl anomaly in addition to the geometric Weyl invariant such as eqs. (10, 11) . See [35, 50] for some examples. Since here we are interested only in the geometric Weyl invariant which defines c 2 and b 1 , we will ignore these ln z terms of φ (from E φ = 0) in this appendix. Of course, φ can inherit ln z terms from g ij (140) and x (141) through eq.(4). And these ln z terms are functions of h Let us firstly consider the case without the boundary P , i.e., the standard case of AdS/CFT. From the above discussions, we must have
When d is odd, we have T In the presence boundary P , the formulas of (δI) M and δ(
) do not have any change. So eq.(142) is still satisfied up to a possible boundary term Ω M on P from δ(
). Then from eqs.(138,139), we get
Notice that only the terms linear in h
). Thus they cannot contribute to T a a P at all. Actually, the terms linear in h (d/2) ij and b d+1 take the form z ln z, which vanish in the limit z → 0. Thus, we have
for arbitrary boundary variations. and Ω M (δg ij ) are non-zero. Note that Ω M (δg ij ) is proportional to the Weyl tensor C and its derivatives. Therefore for the simple case where C ijkl | P = ∇ m C ijkl | P = 0, we have Ω M (δg ij ) = 0. This together with eq.(144) implies that P √ σ 0 T a a P is a topological invariant. So b 1 related to Trk 3 must vanish in the boundary Weyl anomaly (11) . Notice that in this argument we only require C ijkl to vanish at the boundary P . It can be nontrivial inside M . For instance, the following metric g (0) ij with a free parameter c works well for our purpose: ds
where x = 0 denotes the location of P . One can easily check that the above metric satisfy C ijkl | P = ∇ m C ijkl | P = 0 but C ijkl | M = 0 generally. Now since the boundary central charges are independent of the shapes of the boundary, so we also have b 1 = 0 for the boundary with C ijkl | P = 0. One can also include higher curvature terms on Q in the action (136) and the proof proceeds exactly the same way. Therefore we find that, independent of the form of the matter or gravitational action, the proposal of [3] always give c 2 = b 1 = 0 in the boundary Weyl anomaly (10,11). As we explained above, the reason why the proposal of [3] always yield c 2 = b 1 = 0 is that the requirement that all the components of stress tensors on Q vanish T αβ = 0 is too strong. On the other hand, if one require only the trace of the stress tensor to vanish as in our proposal then the integral on Q in eq. (137) is no longer zero and one can indeed obtain non-trivial boundary central charges c 2 and b 1 in eqs. (10, 11 ).
Finally we remark that, as the careful readers may notice also, the solution (134) with a 2 = 0 does not obey the universal law for a 2 = − . This is not surprising since the parameter λ does not lie in the "physical range". In fact the solutions to our proposal T BY α α = 0 are not unique when we allow higher curvature terms in the stress tensors. Generally as long as the parameters of the higher curvature terms lie in some "physical" region, there is an unique solution which satisfies the universal law for a 2 and give the non-trivial boundary central charges. We select this kind of solution as the physical one. However when one set the parameters of higher curvature terms to the critical value as in eq.(134), the physical solution is replaced by a different solution which violate the universal law of a 2 = − cosh 2 ρ * 2(d−1) Trk. Actually, the same situation already appears in [24] : for higher curvature gravity such as Lovelock gravity, the bulk entangling surfaces obtained by minimizing the entropy functional are not unique. One usually select the one which can be continuously reduced to the minimal surface when the parameters of higher curvature terms are all turned off. This kind of surface always satisfy an universal relation for a 2 [24] . However if one set the parameters of higher curvature terms to the critical value as in eq.(134), there exist solutions which violate the universal relation [24] . Thus, the universality of a 2 in our proposal has the same meaning as the one in [24] : it holds as long as the parameters of higher curvature terms lie in the physical ranges. Curiously, the proposal of [3] has solution only if the parameter of higher curvature terms takes the critical value λ = 1 2(d−2) coth ρ * and this prevents the realization of non-trivial boundary central charges.
C Derivations of Boundary Contributions to Weyl Anomaly
In sect.2.2, we have shown the key steps of holographic derivations of boundary contributions to Weyl anomaly. Here we provide more details. We work in Gaussian normal coordinate and find the following formulas useful:
where we have ignored terms without ln 1 above. Combining I N and I Q together, we get
which exactly gives the boundary Weyl anomaly (55). It is remarkable that a 3 and all non-conformal invariant terms automatically cancel each other out.
Similarly, for 4d BCFT we have To end this appendix, let us discuss the physical meaning of the parameter ρ * . As we have mentioned, ρ * can be regarded as the holographic dual of boundary conditions of BCFT since it affects the boundary entropy [3] and also the boundary central charges (55,56) which are closely related to the boundary conditions of BCFT. To cover the general boundary condition, it is natural to keep ρ * free rather than to set it zero. If we set ρ * = 0, we get zero boundary entropy S bdy = ρ * 4G N for 2d BCFT [3] which gives trivial BCFT. Furthermore, it is expected that the boundary central charges related to different conformal invariants are independent in general. As a result we must keep ρ * free. Of course, as discussed in sect.4 one could add intrinsic curvature terms on Q in order to make all the boundary central charges independent.
Finally, we notice that for 4d BCFT, the case ρ * = 0 can reproduce the proposal of [22] and agree with the boundary Weyl anomaly of N = 4 super Yang-Mills multiplet with a special choice of boundary conditions that preserve half of supersymmetry [51] . For the convenience of the reader, we list the boundary Weyl anomaly of free super Yang-Mills multiplet with general boundary condition in the large N limit below [51] . Here 's' denotes scalar, 'D' and 'R' refers to the Dirichlet boundary condition and Robin boundary condition respectively. ∆n = 0 corresponds to the case that half of the supersymmetry is preserved [52, 53, 54] . It is not known in general when non-renormalization theorem of the trace anomaly holds. In case it does, the result (154) agrees with the general expression (83) of the holographic anomaly if the coefficients for the intrinsic curvature terms on Q are fixed to be:
where ρ * is a free parameter.
